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Abstract 
The orthogonal frequency division multiplexing uses as a high-speed information transmission technology, with 
excellent anti-interference capabilities, which also has its own shortcomings, such as high peak-to-average power 
ratio. In order to reduce hardware complexity and enhance the quality of transmission, there are methods about 
reducing the PAPR value of OFDM system. The most recently, method of PTS and method of clipping can 
significantly improved OFDM system PAPR performance, but they have plenty of deficiencies. This paper provided 
an method of arithmetic of improving companding transform that combines with improving PTS. The certification 
shows that hardware implementation is improved compared with the method of PTS, which BER performance is 
ameliorated in comparison with the method of companding transform. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
Keywords: orthogonal frequency division multiplexing; peak-to-average power ratio; PTS; companding transform; 
1. Introduction 
Because the Orthogonal Frequency Division Multiplexing (OFDM) technology has a very high spectral 
efficiency and excellent resistance to multipath interference, it has been successfully applied to digital 
audio broadcasting (DAB), high-definition television (SDTV), Wireless Local Area Network (WLAN) 
and other systems [1]. In recent years, studies have shown that OFDM is the key technology to the 4G 
mobile communication system [2].  
OFDM system and other multi-carrier systems have the high PAPR problem, which directly affects 
operation cost and efficiency of the overall system. So we put forward various programs to improve the 
PAPR performance of the system on the basis of the given bit error rate. In this case, this paper presents a 
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method to use an improved sub-optimal iterative PTS algorithm to optimize the companding techniques. 
The simulation results show that the new algorithm can simplify the computing process to a large extent 
and it can get a good PAPR performance. Besides, it is more easily realized in engineering. 
2. PAPR reduction method 
At present, there is many methods to lower the OFDM signal’s PAPR, which can be divided into three 
main categories: signal pre-distortion techniques, coding techniques and the probability technology [3]. 
Signal pre-distortion technology uses a non-linear process, which adopts non-linear operations to reduce 
the signal’s PAPR values directly in the OFDM signal amplitude at or near the peak. But this process can 
cause signal distortion. Coding technology mainly generates different code group by the use of different 
codes and choose a smaller PAPR code group as OFDM symbol for data information transmission, 
thereby it can avoid the signal peaks and it will not lead the signal generation distortion as a linear 
process, but its computational complexity is very high and encoding and decoding are relatively complex, 
and the information rate decreases rapidly, therefore, the technology applies only to the fewer number of 
carriers. Probability technology does not focus on reducing the maximum signal amplitude, but reducing 
the peak appeared probability, in general, such technology will bring information redundancy, and its 
disadvantage is that the computational complexity is too large and it needs multiple IFFT operations, and 
it transmits side information safely. The technology includes the Selected Mapping (SLM) method and 
Partial Transmit Sequence (PTS) method. Currently the probability technology and the limiting amplitude 
methods (in terms of reducing the PAPR performance) are the most effective methods. 
3. Improved algorithm for sub-optimal iterative PTS 
In the traditional PTS method, if it is asked for the best auxiliary information (bv, v = 1,2 ,..., V) values 
bopt, it need to traverse all the possible values (so this method is also known as the best iterative PTS 
method), which requires a very large amount of computation. Thus it is proposed to use a simple method 
to find the sub-optimal iterative method which use the sub-optimal auxiliary information to replace the 
bopt[4]. The phase of this method is set in (1, -1), which makes the improvement of the PAPR 
performance not than the optimal PTS method, so based on the sub-optimal iterative this paper brings 
forward an improved algorithm, and the phase of this improved algorithm is set in: (1, -1, j,-j). Algorithm 
steps are as follows: 
• Step 1: divide N sub-carrier into V sub-sequence; 
• Step 2: make bv =1, (v = 1, 2 ,..., V), in this conditions, the calculation of 2
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• Step 3: make bindex=-1、-j、j, and while the same calculation PAPR, and PAPR1 = min (PAPR); and 
record the corresponding phase bindex;
• Step 4: If PAPR1> PAPR0, then bindex = 1; otherwise, PAPR0 = PAPR1; index = index +1; 
• Step 5: If the index <V +1, then return to step 3; otherwise, to step 6; 
• Step 6: be weighted coefficients (bv, v = 1, 2 ,..., V), in this condition, received PAPR distribution of 
min (PAPR1, PAPR0). 
According to the improved iteration method to get {bv, v=1,2,...,V}, it only need to calculate V steps to 
get the required weighting coefficients, and each step only need to calculate the current corresponding 
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Group’s IDFT and not have to calculate the other V-1 groups IDFT, thus reducing the computational 
complexity. The improved iterative algorithm is twice bigger than the sub-optimal iterative method on the 
set of phase, and naturally it is much better in the PAPR performance improvement, but its cost is 
requiring 4 times the signal PAPR values in each step of the iterative calculation, while the sub-optimal 
iteration only need to calculate once PAPR values, however, the increase in the complexity of this 
calculation is obviously acceptable.  
Figure 1 shows the PAPR performance graph of this improved algorithm. It is supposed that the data 
symbols in OFDM systems using QPSK modulation, sub-carrier number N = 64 and the number of sub-
sequence V = 4, using of adjacent split PTS. You can see, in the original OFDM symbol, there is 1% of 
the PAPR of OFDM symbols which is more than 9.3dB; while at the same PAPR condition it need only 
7.2dB when using the iterative PTS method, and under the condition of the same PAPR, the use of 
improved sub-optimal iterative algorithm need only 6.5dB.Besides, compared with the optimal iterative 
algorithm, there is only 0.6dB difference between the improved sub-optimal iterative algorithm and it. 
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Fig. 1. The PAPR performance comparision of this improved algorithm 
4. Companding algorithm of the improved BER performance  
In the traditional expansion methods, it needs to make the signal amplification which is relatively 
small, while the significant signal remains unchanged. Although this method can reduce the system’s 
PAPR, it has to increase the system’s average transmitted power. At the same time, this method will make 
the signal power value closer to the nonlinear transformation region of the power amplifier and causes the 
signal distortion. Therefore, this paper gives an improved companding transformation (C Transform) 
method [4]. This method make the high-power signal compression and the low power of the signal 
amplification, in order to make the average power of the transmit signal relatively unchanged. It not only 
can reduce the system’s PAPR but also can improve anti-jamming capability of the low-power signals.  
But both the traditional method and the C transformation method will amplify the noise while 
recovering the original signal in the inverse transform way at the receiving end, and compared with the 
non-pressurized expansion transform system, companding transform treatment system’s BER 
performance degrade obviously. In order to overcome this shortcoming, this paper presents a simple 
algorithm to improve BER. 
The basic idea of this algorithm is that it can adopt the largest received signal amplitude at the inverse 
transform of the receiving end, in order to reduce the system’s BER effectively. This method is equivalent 
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to use C transformation method at the sending end, while adopt the traditional companding method at the 
receiving end, which can effectively reduce the system’s BER. 
Fig. 2 shows the BER performance curve of the improved algorithm. Suppose the data symbols in 
OFDM systems using QPSK modulation, sub-carrier number N is 64 and pressure expansion coefficient 
is Fig. 2. From Fig. 2 we can see that this algorithm can effectively improve the BER performance of C 
transformations. 
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Fig. 2. The BER performance of the improved companding method 
5. The optimization companding technique of Improved sub-optimal iterative algorithm PTS 
On the basis of the above-mentioned improvements in sub-optimal iterative PTS algorithm and 
improvements in BER companding algorithm, This section proposes the method which  combine the two 
programs to improve the OFDM system’s performance. System block diagram is as follows: 
Figure 3. System block diagram of the new algorithm 
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We adopt the above algorithm to have a OFDM system simulation, the simulation parameters: QPSK 
modulation, packet length is V = 4 to split PTS adjacently, the carrier number N = 64, rotating the phase 
set is bv = {1, -1, j, -j}, Nyquist sampling; at the simulation of the system BER performance, the channel 
is assumed to be AWGN (additive white Gaussian noise channel) [5]. 
the performance curve of the complementary cumulative distribution function CCDF and the BER 
performance curve is shown as Fig. 4 and Fig. 5. 
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Fig. 4. The PAPR performance of the improved algorithm 
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Figure 5. The BER performance of the improved algorithm 
The basic idea of using this algorithm is a way to reduce the PAPR value of the signal which uses PTS 
to reduce PAPR of OFDM signals and further adopt the C transformation companding technology. In the 
same parameter settings, the PAPR performance of the system of this algorithm is significantly better 
than the conventional PTS method and C transformation method, and in the system BER performance it is 
superiors than C transformation method. As shown in Fig. 4 and Fig. 5, a comparison of the performance 
of the algorithms can be gotten. PAPR performance: we can see from Figure 4, the original OFDM 
symbol, there is 1% of OFDM symbols that the PAPR is more than 9.3dB; while in the same PAPR 
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condition the optimal PTS method only need 6dB;while at the same PAPR condition C-companding 
transform method only need 5.6dB and 4.7dB at the use of companding coefficient of  2 and 4; and the 
same PAPR condition the improved sub-optimal iterative algorithm, need only 4.3dB (companding 
coefficient of 2) and 3.6 dB (companding coefficient of 4). Therefore, in terms of the PAPR performance, 
the algorithm is significantly better than the PTS and C transformation companding algorithm. BER 
performance: From Fig. 3 we can see, in ensuring the system’s BER of 10-3, the traditional OFDM and 
the optimal PTS algorithms required the signal to noise ratio of 10.2 dB; pressure expansion transform 
algorithm need signal to noise ratio of 12.5dB (companding coefficient of 2) and 13.8 dB (companding 
coefficient of 4); while the use of the new algorithm need the signal to noise ratio of 11.5dB (companding 
coefficient of 2), and 12.5dB (companding coefficient of 4). Therefore, in terms of the BER performance, 
the new algorithm performance is significantly better than C transformation companding algorithm. 
Therefore, if we choose a suitable companding coefficient, the PAPR performance of the new algorithm 
using of the big packet length is better than the PTS system using a large packet length,through this way 
we can efficiently solve the computational complexity of PTS system. And also it can improve the BER 
performance of C transformation to some extent. Therefore, the OFDM systems using an improved sub-
optimal iterative PTS companding algorithm can effectively solve the high computational complexity of 
the transmission sequence problem and the high BER problem .From the BER and PAPR performance, 
this method is significantly superior to the Partial Transmit Sequence and companding transform method. 
6. Conclusion 
This article describes the improved sub-optimal iterative PTS optimization companding algorithm, 
which can not only effectively improve the system’s PAPR performance, but also can effectively reduce 
the system’s BER of C transformation companding algorithm. If you choose a suitable pressure expansion 
coefficient, this system is equivalent to the OFDM system which uses of the Partial Transmission 
Sequence with a long packet length (V=16, 32) in terms of the improvement of the PAPR 
performance,and the calculation of the former is reduced much, so hardware implementation is also 
easier. Therefore, the OFDM system using an improved sub-optimal iterative PTS companding algorithm 
is an effective method and applicable to solute the PAPR problem of the OFDM system. 
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